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METHOD AND APPARATUS FOR SAMPLING 

The present invention relates to a method and 
apparatus for sampling, particularly but not 
exclusively for obtaining samples from a biological or 
bio-technological reaction process, e.g. fermentation. 

Various apparatus are . already known for taking 
samples at predetermined intervals of the time from a 
biological or bio-technological reaction process for 
subsequent analysis so that the progress or course of 
the reaction may be followed. One such apparatus 
comprises a tube providing a loop through which 
reaction media may pass from and back to the reaction 
vessel. A sampling arrangement is provided in the 
loop and comprises a number of sampling outlets each 
with a sampling valve which is opened at the 
appropriate time to discharge material into a sample 
tube. Such apparatus is however difficult to maintain 
sterile, particularly because of the large number of 
valves. Sampling apparatus is also known which 
includes a carrousel or other support for holding 
sampling tubes (or the like) which are indexed past a 
sampling outlet of the apparatus and which collect 
samples at desired intervals. Generally an ultra- 
filtration membrane is incorporated in the apparatus 
through which the sample must pass. This membrane is 
intended to maintain sterile conditions in the 
apparatus. However a disadvantage of such apparatus 
that it is difficult to sterilise and furthermore may 
only be used for obtaining samples of the liquid in 
the reaction medium since the ultra-filtration medium 
• prevents passage of the cells into the sampling tube. 

In many instances, particularly in research work, it 
may be desired to obtain samples containing cells and 
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this is not possible with the conventional apparatus. 

According to a first aspect of the invention 
there is provided sampling apparatus comprising a 
housing having a plurality of circumf erentially spaced 
sample ports extending through the wall thereof, a 
distributor member rotatably mounted in a sealed bore 
of the apparatus, a fluid inlet through which fluid 
from a vessel may enter the apparatus a fluid outlet 
which may communicate with the inlet so that fluid may 
be returned to the vessel said distributor member 
having conduit to provide selective communication 
between the fluid inlet and any one of the sampling 
ports, and means for effecting rotation of the 
distributor member. 

The sealing registration of the aperture in the 
wall of the distributor member with the sample outlet 
apertures may be ensured by having the distributor 
member and the wall of the bore of material which 
facilitates this sealing. For example the distributor 
member may be of PTFE whereas the housing may be of 
stainless steel. 

The outer surface of the distributor member and 
the wall of the bore may be of complementary 
frustoconical configuration. 

Preferably the outer face of the distributor 
member has a channel arrangement which is capable o£ 
selectively providing communication between the fluid •" 
inlet and a sampling port with simultaneous closure of 
the outlet port by a face of the distributor and is 
further capable of (upon rotation of the distributor 
member) of selectively providing communication between 
the fluid inlet and the fluid outlet with simultaneous 
closure of the sampling ports by the faces of the . 1 
distributor. 

In an alternative arrangement, the distributor i 
member has a sample holding chamber which communicates 
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with said fluid inlets and outlets and which further 
has an aperture in a wall thereof. This aperture may 
be selectively brought in to sealing registration with 
any one of the sample outlet apertures by rotation of 
the distributor member so that fluid in the sample 
holding chamber may pass through a sampling port. 

A peristaltic pump may be used to circulate 
fluid from the reaction medium through the chamber. 

Preferably the means for effecting rotation of 
the distributor member is a drive shaft or the like 
which is axially non-moveable since such axial 
movement provides the possibility of contaminant 
material (eg. air-borne bacterial entering the 
apparatus . 

Preferably also the distributor member is spring 
biassed into the housing. 

According to a second aspect of the invention 
there is provided a method of obtaining a sample from 
a reaction medium, for example a biological or bio- 
technological reaction medium, comprising passing 
fluid from the reaction medium to the inlet of a 
sampling apparatus having a rotatable distributor 
member capable of selectively providing communication 
between the inlet and any one of a plurality of spaced 
sample outlet apertures in a housing in which the 
distributor member is rotatably mounted, and rotating 
said distributor member so that it provides said 
communication between the inlet and a sample outlet 
when it is desired to take a sample of the reaction 
medium. 

Preferably the fluid from the reaction medium is 
passed through the sampling apparatus and recirculated 
back to the reaction medium at least during the time 
when a sample is not being taken. 

Preferably the reaction medium comprises 
bacteria or other cells which are collected in the 
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sample . 

The invention will be further described by tfay 
of example only with reference to the accompanying 
drawings, in which: 

Fig. 1 is a sectional view of one embodiment of 
sampling apparatus in accordance with the invention; 

Fig. 2 is a detail of Fig. 1 showing the apparatus 
in a condition for taking a sample; and 

Fig. 3 illustrates an arrangement of sampling 
tubes around the apparatus. 

Fig. 4 is a side view of a further embodiment of 
sampling apparatus in accordance with the invention, 
but omitting details of the inlet port, the outlet 
port, and the sampling ports, for the purpose of 
clarity; 

Fig. 5 is an underside view of the apparatus 
shown in Fig. 4; 

Fig. 6 is a section on the line VI-VI of Fig, 5; 
Fig. 7 is a section on the line VII-VII of Fig. 

5; 

Fig. 8 is a section on the line VIII-VIII of Fig. 

7; 

Fig. 9 illustrates the plug used in the apparatus 
of Fig. 4; and 

Fig. 10 illustrates a cup as used in the 
apparatus of Fig. 4. 

Referring .to Fig. 1, the illustrated sampling 
apparatus 1 comprises a generally cylindrical body 2 
formed with a central bore 3 closed by upper and lower 
end cap assemblies 4 and 5 respectively. Intermediate 
its upper and lower sections 3a and 3c respectively, 
the bore is of upwardly tapering f rustoconical 
configuration, as referenced by 3b. 

Provided within bore 3 is a rotatable distributor 
member 6 of PTFE. This member has an outer 
f rustoconical face 6a which is a close sealing fit 
within the section 3b of bore of body 2 such that 
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there will be no ingress of sampled material between 
these two sections. A well 7 is formed in the upper 
part of distributor member 3 which further has a 
single bore 8 (Fig 2) at a level above the floor of 
the well. This bore 8 is intended to be selectively 
registrable (as described more fully below) with any 
one of a twelve equiangularly spaced bores 9 provided 
in the body 2 (see also Fig. 3), 

Extending through the lower end-cap assembly 5 is 
a drive shaft 10 terminated within the body 2 by a 
cruciform end section 11 which locates in a 
complimentary cruciform recess (not shown) provided in 
the floor of a circular recess 6b in the base of the 
distributor member 6. Shaft 10 is associated with a 
drive mechanism (not shown) capable of rotary indexing 
distributor member 6 for the purpose to be described. 
The inter-engaging cruciform configurations ensure 
that axial forces exerted by the drive mechanism are 
not transmitted to the distributor member. 

Three equiangularly spaced plungers 12 are 
slidable in respective apertures provided in the end 
cap assembly 5 and are biassed inwardly of the body 2 
by coil springs 13 located in ports 14 affixed to the 
outer surface of the cap-assembly 5 . These plungers 
12 serve to urge an annular plate 15 against the 
undersurface of the cruciform end section 11 of the 
drive shaft and the undersurface of the body 2 so as 
to retain the former in position and also to urge the 
distributor member 6 into the bore 3. Additionally 
three equiangularly spaced pins 16 are fixed on plate 
15 and extend with slight clearance through apertures 
17 in the end-cap 5 . Circlips 18 or the like on the 
ends of pins 16 prevent the latter from being fully 
withdrawn from the end-cap. Thus the end-cap assembly 
may be removed from the apparatus as one unit with the 
plate 15. 
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The upper end cap assembly 4 has a central spigot 
4a which extends part way into well 7. An 0-ring 19 
provides a seal between the spigot 4a and the inner 
wall of the well. 

Extending through the end cap assembly 4 into 
well 7 are two tubes 20 and 21 both of which 
communicate with a fermentation vessel (not shown) for 
which a sample is to be taken. 

A peristaltic pump (not shown) serves to pass 
'broth 1 from the fermentation vessel continuously 
along tube 20 into well 7 and then back along tube 21. 

Located in each bore 9 is a right-angled outlet 
tube 22 on which a sample tube (not shown) may be 
mounted. Twelve such outlet tubes 22 are provided 
(see Fig. 3) one for each aperture 9. Flats 23 on the 
outlet tube 22 prevent unwanted rotation thereof 
relative to the body 2 such as might otherwise occur 
due to the indexing of the distributor member 6. 

In use of the apparatus, broth from the 
fermentation vessel is continuously circulated through 
the well 7. During the period of time when sampling 
is not required, the distributor member 6 is at a 
position in which its bore 8 is between two of the 
apertures 9 in the body 2 . Leakage of broth between 
the distributor 6 and the body 2 is prevented as a 
result of the close fit between these two components. 
When a sample is to be taken, distributor member is 
indexed around so that its bore 8 registers with a 
bore 9. Thus 'broth' passes into the associated 
sample tube. After a predetermined length of time 
(governed by the time taken to collect a sample of the 
required volume) the distributor member 6 is indexed 
further round so that its bore 8 is again out of 
register with a bore 9. Obviously when a further 
sample is required, the distributor member 6 is again 

indexed so that its bore 8 registers with the next 
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bore 9 in sequence. With the illustrated apparatus, 
the sampling procedure may be carried out a total of 
twelve times. 

The apparatus may of course be under computer 
control to effect sampling over a prolonged time 
period. Each sample tube may incorporate any suitable 
chemical " to arrest the fermentation reaction at the 
point when that sample was taken. Thus the sample is 
'frozen 1 for subsequent analysis. The illustrated 
apparatus has a number of advantages, namely: 

1. Aseptic conditions are readily maintained. 

2. There will be no stagnation in the bore 8 
and/or 9. 

3. Sampling of whole 'broth* (i.e. including 
cells) is possible whilst maintaining aseptic 
conditions. (This is not possible in prior art 
sampling arrangements where ultra-filtration 
membranes required to maintain aseptic conditions 
prevent whole cell sampling). 

4. The apparatus may be easily sterilised either 
in an autoclave or by steam sterilisation (i.e. 
passing steam through tubes 20 and 21) 

5. The apparatus is easy to assemble and 
dismantle and therefore easy to clean. 

Although the apparatus has been described with 
specific reference to collection of samples in sample 
tubes, it should be appreciated that one or more 
further units 1 may be provided as 'satellites' to the 
illustrated unit. Each such further unit will be in 

communication with a respective bore 9 of the 'base' 
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unit. A sample at time T x may be passed to satellite , 
unit S, in which the sample is allowed to continue 
fermentation. Sample may then be taken from s, at 
time intervals T 2 _ 13 (assuming twelve bores 9 on SI) 
Similarly a sample may be taken from the base unit at 
time T 14 and passed to satellite S2 for further 
sampling at times of T 15 _ 26 . Similarly for other 
satellite units. Thus with a total of twelve 
satellite units , it is possible to take 144 samples at 
different time intervals. 

The sampling apparatus 100 illustrated in Figs. 
4 to 8 comprises a stainless steel body 101 with a 
downwardly tapering bore 102 in which a complementary 
frustoconical distributor plug 103 is rotatably 
mounted. The body 101 itself has one open end (ie. 
that end adjacent the wider end of bore 102) and at 
the other end is extended by a nose 104. Within this 
nose 104 is a bore 105 which is coaxial with bore 103 
and which (in going from the free end of the nose 
towards bore 102) is narrowed by a step 106. 

Provided within the walls of the body 101 
surrounding the bore 102 are a plurality of downwardly 
and outwardly inclined ports as follows: 

a) an inlet port 107 towards the lower end of 
bore 102; 

b) an outlet port 108 higher up the bore 102 
than the inlet port 107 and spaced around the 
body by 180° therefrom; and 

c) twelve equiangularly spaced sampling ports 
109 which are above the level of the outlet port 
108 (see Fig. 3). 

The sampling ports 109 are thus spaced by 30° 
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from each other (see Fig. 5) around the body 101. 
Additionally, the inlet and outlet ports 107 and 108 
(which are spaced by 180° from each other) are each 
spaced. by 15° from the adjacent sampling ports. 

The distributor plug 103 is of PTFE which ensures 
that its outer f rustoconical surface is a sealing fit 
within the bore 102. The general configuration of the 
plug 103 is shown in Fig. 9 and will be seen to 
include a lower annular channel 110 which, when the 
plug is in the bore 102, is at the level of the inlet 
port 107 (see Fig. 7). Communicating with channel 109 
is a finger like sub-channel 111 which extends along 
the f rustoconical face from the channel 110 towards 
the upper end of the plug 103. The length of sub- 
channel 111 is such that with the plug 103 seated in 
bore 102, the upper end of the sub-channel 111 is 
capable of registering with a sampling port 109. 
Additionally, a further eleven finger sub-channel 112 
are provided in plug 103 each communicating at their 
lower ends with annular channel 110. These sub- 
channels 112 are generally similar to the sub-channel 
111 but are of a length such that they extend only to 
the level of the outlet port 108, the height of which 
has been indicated in chain-dot-line in Fig. 6. 

There are a total of twelve of the finger-like 
sub-channels (eleven sub-channels 112 and one sub- 
channel 111) equiangularly disposed around plug 103.' 

The function of the channel 110 and the sub- 
channels 111, 112 will be described in more detail 
below. 

Extending centrally within plug 103 is a bore 
which, in going from lower to the upper (as viewed in 
Fig. 7) of the plug is formed in two successively 
widening sections 113 and 114. At its upper end, bore 
114 opens into a rectangular slot 115 (see also Fig. 

8). seated in bore section 114 is a cylindrical cup 
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116, of which a more detailed view is shown in Fig. 
10. It will be seen that this cup has, towards its 
upper end, two diametrically opposed cut-outs 117 
which are of a depth, such that, with the cup 116 
seated in the bore 116, they extend over the height of 
the slot 115. cup 116 also has an upper annular 
flange 118 as shown and an aperture 119 in its base. 

The rotatable mounting of the plug 103 is by 
means a vertically fixed drive shaft 120. This shaft 
extends upwardly through the nose 104 of body 101 and 
centrally through the plug 103 and cup 116. 

At its upper end, the shaft is screw- threaded 
(not shown) and just below these screw threads it has 
a square section 121 (see also Fig. 8). A rectangular 
key 122 is mounted on the square section 121 and is 
located in slot 115 with which it makes line contact. 
The height of key 122 is less than the depth of slot 
151 for reasons which will be described below. 

Key 122 is retained in position on shaft 120 by 
a spindle nut 123 provided on the screw threaded end 
of the shaft. This nut 123 prevents vertical movement 
of key 122 in a direction parallel to the axis of 
shaft 120. 

It will be appreciated that rotation of shaft 120 
drives the plug 103 via key 122. Nevertheless, the 
fact that key 122 makes line contact in slot 115, it 
is possible for the plug 103 to move vertically 
relative to the bore 102. A coil spring 124 is 
provided in the cup 116 and serves normally to urge 
the plug 103 downwardly into the bore 102. 

An end plate 125 is fixed on the open end of body 
101 and incorporates a seal 126. Further seals 127 to 
129 are provided as shown for sealing the shaft 120 
within the nose 104. 

In use of the apparatus, sample tubes (not shown) 

are mounted in each of the sampling ports 109 by means 
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of adapters 130 (see the insert to Fig. 4) which are 
associated with seals 131. Additionally, the inlet 
and outlet ports 107 and 108 are connected to a 
fermenter, and a peristaltic or other constant volume 
pump (not shown) is provided for supplying the medium 
from the fermenter to the sampling apparatus. Seals 
(not shown) will also be provided at the inlet and 
outlet ports. These seals, together with the seals 
127-129 and 131, prevent contamination of the interior 
of the sampling apparatus by the surrounding air. 

Assume now that medium from the fermenter is 
being passed to the sampling apparatus and that it is 
desired merely to re-circulate the medium back to the 
fermenter without taking a sample. In this case, the 
plug may be positioned so that any one of the sub- 
channels 112 is in register with the outlet port 108. 
Medium entering the inlet port 107 will enter the 
annular channel 110 (which is at the level of the 
port) and will pass along this channel and then exit 
through the outlet port 108 via the sub-channel 112 
registering therewith. It will be appreciated that 
the sub-channel 111 is located between two of the 
sampling ports 109 which are therefore closed by those 
faces of the plug 103 between the sub-channels (see 
the left hand insert to Fig. 4.) Thus, none of the 
medium passes to a sample port 109. 

Consider now that it is desired to take a sample. 
The shaft 120 (driven by a motor - not shown) is 
indexed round by 15°. This brings sub-channel 111 
into register with one of the sampling ports 109 (see 
the right hand insert on Fig. 4). Additionally the 
outlet port 108 is now closed off by the face of the 
f rustoconical plug so that medium cannot pass 
therethrough. The plug is maintained in this position 
for sufficient time to collect the required sample. 

The plug is now indexed round by a further 15° so 
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as to bring a further sub-channel 112 into register 
with the outlet, and to close off the sampling ports 
109. Samples may be collected through all twelve 
sampling ports 109 by indexing the plug around in 15° 
increments in accordance with the above described 
procedure. It will be appreciated that at some stage 
during this procedure, the sub-channel 111 comes into 
register with the outlet port 109. This is the 
condition illustrated at the left hand side of Pig. 7. 

In this case, the medium is able to pass through 
outlet port 108 via the sub-channel 112. 

The sampling apparatus illustrated in Figs. 4 to 
8 has the following advantages. 

(i) the angular contact between the plug 103 and 
the bore 102 (of the body 101) gives a low co- 
efficient of the friction; 

(ii) since the fluid entering at the inlet 107 
flows through the apparatus, either to outlet port 108 
or a sampling port 109, there is no stagnation of 
fluid within the apparatus; 

(iii) the apparatus is of compact 
cons truct ion, and can therefore be readily autoclaved. 

(iv) during autoclaving, the plug is able to move 
up against spring 124 so as to cater for the 
differential expansion between the stainless steel 
body 101 and the PTFE plug 103; 

(v) since the liquid flow around the distributor 
member generates an upward force only over a 
comparatively small area, it is possible for the 
medium being supplied to the apparatus to be at 
comparatively high pressure whilst there is only a 
generated on the distributor member. It is thus 
possible to use low torque drive of means small size 
with the result that the apparatus is of compact 
construction; and 

T 

(vi) since the outlet is closed whilst liquid is 



WO 90/00250 



PCT/GB89/00857 



13 

being passed through a sample port, all of the 
pressure of supply of the liquid to the apparatus is 
used in causing the liquid to flow out through the 
sampling port (if the apparatus of Figs. 1 to 3 in 
which liquid continues to recirculate through the 
apparatus during sampling) 
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CLAIMS 

1. Sampling apparatus comprising a housing 
having a plurality of circumf erentially spaced sample 
ports extending through the wall thereof, a 

. distributor rotatably mounted in a sealed bore of the 
apparatus, a fluid inlet through which fluid from a 
vessel may enter the apparatus, a fluid outlet which 
may communicate with the fluid so that fluid may be 
returned to the vessel said distributor member having 
conduit adapted to provide selective communication 
between the fluid inlet and any one of the sampling 
ports, and means for effecting rotation of the 
distributor member.. 

2. Apparatus as claimed in Claim 1 wherein the 
inlet and outlet ports are provided in the housing • 

3 . Apparatus as claimed in Claim 2 wherein the 
outer face of the distributor member has a channel 
arrangement capable of selectively providing 
communications between the inlet and a sampling port 
with simultaneous closure of the outlet port by a face 
of the distributor and is further capable of 
selectively providing communication between the inlet 
and the outlet with simultaneous closure of the 
sampling ports by the faces of the distributor. 

4. Apparatus as claimed in Claim 4 wherein the 
outlet port is at a level intermediate that of the 
inlet port and the sampling ports, and the distributor 
member has a circumf erentially extending main channel 
at the level of the inlet and a plurality of first 
sub-channel, and a second sub-channel each 
communicating with main channel and extending 
transversely thereto along the face of the distributor 
member, said first sub-channel extending to the level 
of the outlet and said second sub-channel extending to 
the level of the sampling ports, the angular 
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disposition of the sub-channel around the distributor 
being such that communication between the inlet and 
outlet is interrupted when the second sub-channel is 
in register with a sampling port and that there is no 
communication between the inlet and a sampling port 
when the outlet is in register with a first or the 
second sub-channel. 

5. Sampling apparatus as claimed in Claim 1 
wherein said distributor member has a sample holding 
chamber which communicates with said inlet and outlet 
and further has an aperture in its wall which aperture 
may be selectively brought into sealing registration 
with any one of the sample outlet apertures by 
rotation of the distributor member. 

6. Apparatus as claimed in any one of Claims 1 
to 5 wherein the distributor member and the bore are 
frustoconical, 

7. * Apparatus as claimed in Claim 6 wherein the 
distributor member is axially movable within the bore 
and is spring biassed to its sealed position. 

8. Apparatus as claimed in any one of Claims 1 
to 7 wherein the housing is of metal and the 
distributor member is of PTFE. 

9. A method of obtaining a sample from a 
reaction medium, for example a biological or bio- 
technological reaction medium, comprising passing 
fluid from the reaction medium to the inlet of a '" 
sampling apparatus having a rotatable distributor 
member capable of selectively providing communication 
between the inlet and any one of a plurality of spaced 
sample outlet apertures in a housing in which the 
distributor member is rotatably mounted, and rotating 
said distributor member so that it provides said 
communication between the inlet and a sample outlet 
when it is designed to take a sample of the reaction 
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medium . 

10. A method as claimed in Claim 9 wherein the 
fluid from the reaction medium is passed through the 
sampling apparatus and recirculated back to the 
reaction medium at least during the time when a sample 
is not being taken. 

11. A method according to Claim 9 or 10 wherein 
the reaction medium comprises cells or bacteria which 
are collected in the sample. 
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As discussed with your Mr. Pennel and Mr. Pike, it has come 
to our attention that the Request form lodge with the above 
application did not include the customary sheet including .Boxes 
IV and V, the latter of which includes the list of PCT countries. 

We have been asked by Mr. Pike to present our submissions 
that, in spite of this omission, the application should be 
allowed to proceed with the filing date of 29 June and include 
all PCT countries as designations. 

The Request as filed lists the names and addresses of seven 
individuals who are indicated as being "applicant and inventor" 
for "the United States of America only". Thus, the Request 
clearly designates the United States. The Request also includes 
three "corporate" entities which are in the category "applicant 
only" for "all designated states except the United States of 
America". In the absence of a specific list of countries , it is 
implicit in the Request form that the "corporate" entities are 
intended to be applicants in respect of all PCT countries 
(including regional designations) except the USA. 
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Article 11 of the Patent Co-operation Treaty states that the 
application will be accorded the International Filing Date as of 
its date of receipt (by the Receiving Office) provided that the 
International Applications contains inter alia the designation 
of at least one contracting state. As indicated above, the 
United States is expressly designated and the remaining PCT 
countries are implicitly designated. We have therefore complied 
with Article 11 (1) . 

The fact that all of the designated states were not 
specifically listed in the Request form at the time of filing the 
application is, we would submit, a correctable defect. Although 
Rule 4.9 of. PCT states that the Contracting States shall be 
designated in the Request by their names , this does not in our 
view require that they be specifically so designated in the 
Request form as filed. To support this submission we would refer 
to Rules 4.1 (a) and 4.1. (d) which provide various requirements 
which the Request "shall contain" but it is clear from Article 
14 that certain of these requirements need not be complied with 
in the Request form as filed and can be regarded as defects to 
be corrected later. In other words, the references to "shall" 
in Rules 4.1 and 4.9 cannot mean that the requirement must be 
complied with at the time of filing.. In our submission it is 
sufficient that the Request form ultimately comply with the 
requirement within any time limit set by the office. 

In summary therefore we would submit that the application 
explicitly designates the United States and implicitly designates 
all other PCT countries and that this is sufficient for the 
application to be accorded the filing date of 29 June. Further, 
the requirement under Rule 4.9 to list the Contracting States by 
name is a requirement which can be corrected post-filing and to 
this end we enclose the previously omitted sheet from the Request 
form. 

We request an early decision in this matter. In the event 
that the decision is unfavourable, we request a Hearing. 



The international application as filed on 29 June 1989 (29.06.89) 
claimed the priority of an earlier application filed in the United 
Kingdom on 29 June 1988 (29.06.88), application number 8815483. 
That priority claim was cancelled according to Rule 4.10(d) after 
07 June 1989- (07.06.89) had been accorded as international filing 
date. * 
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